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PROBLEM TO BE SOLVED: To use a birefringence crystal for a 
lens material by composing at least one lens that an objective 
lens has of a birefringence dispersion crystal where a dispersion 
curve for ordinary rays crosses that for extraordinary rays at 
isotropic wavelength. 

SOLUTION: At least one lens 51 being provided in a projection 
objective lens 5 is composed of a birefringenece dispersion 
crystal where a dispersion curve for ordinary rays crosses that 
for extraordinary rays at isotropic wavelength. The projection 
objective lens 5 may have any known refraction configuration or 
catadioptric one, and may contain a diffraction element, thus 
utilizing an isotropic point and wavelength for canceling the 
.-/birefringence of the crystal by an optical system, and hence, 
mainly, using a known superior optical material being restricted 
merely by the point of birefringence, namely, MgF2, for a 
vacuum ultraviolet-ray optical system. 
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(54) OPTICAL SYSTEM FOR VACUUM ULTRAVIOLET RAY 
(57)Abstract* 

PROBLEM TO BE SOLVED: To use a birefringence crystal for a lens material by 
composing at least one lens that an objective lens has of a birefringence dispersion 
crystal where a dispersion curve for ordinary rays crosses that for extraordinary rays at 
isotropic wavelength. 

SOLUTION: At least one lens 51 being provided in a projection objective lens 5 is 
composed of a birefringenece dispersion crystal where a dispersion curve for ordinary 
rays crosses that for extraordinary rays at isotropic wavelength. The projection 
objective lens 5 may have any known refraction configuration or catadioptric one, and 
may contain a diffraction element, thus utilizing an isotropic point and wavelength for 
canceling the birefringence of the crystal by an optical system, and hence, mainly, using 
a known superior optical material being restricted merely by the point of birefringence, 
namely, MgF2, for a vacuum ultraviolet-ray optical system. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical system which has the light 
source and the objective lens equipped with the lens which consists of a crystal. 
[0002] 

[Description of the Prior Art] This kind of system is known as an ultraviolet optics 
system equipped with the calcium -fluoride lens for a long time, and the thing equipped 
with the barium fluoride lens is also known. This system is mounted in the micro 
lithography projection aligner of high resolution. Especially important wavelength is 
the wavelength of the field to 200nm or less lOOnm, i.e., a vacuum -ultraviolet-radiation 
field, and is realized by various fluorides. Some of the examples are indicated by the 
patent application DE 19929701.0 (it will add to the indication matter of this 
application with this) to which this invention person and these people are not opened 
yet. 

[0003] Since magnesium fluoride was produced in large quantities, it could be processed 
so that it might excel in optical quality, and it had a high baud transmission rate to the 
minimum of the above-mentioned wavelength field, it excelled in radiation resistance, 
but in order to carry out a birefringence, as a lens material, it was conventionally taken 
into consideration like [ no ] other form birefringence crystals. 

[0004] Vacuum-ultraviolet-radiation optical system, especially a micro lithography 
projection objective lens have been carried out as a catoptric system (the Europe patent 
public presentation 0779528th No. A and USSer.No. December 12, 1995 [ 571081 or ] 
application reference). However, in using a suitable lens material to a 193nm case, it 
also shows the need for catadioptric ** in this reference. 
[0005] 

[Problem(s) to be Solved by the Invention] Then, the technical problem of this invention 
is offering the alternative-possibility of the vacuum -ultraviolet-radiation optical 
structure of a system. 
[0006] 

[Means for Solving the Problem] This invention is an optical system which has the light 
source and the objective lens equipped with the lens which consists of a crystal, and at 
least one lens consists of crystals of birefringence distributed process input output 
equipment which the dispersion curve to an ordinary ray and the dispersion curve to an 
extraordinary ray cross in isotropic wavelength, and it is characterized by being 
irradiating with the light of the light source in which the objective lens had isotropic 
wavelength as like. 



[0007] Moreover, this invention is the projection aligner of micro lithography, the optical 
element which consists of MgP2 is arranged in a transmission system, and it is 
characterized by emanating on wavelength which a dispersion curve [ as opposed to an 
ordinary ray in the vacuum-ultraviolet-radiation light source ] and the dispersion curve 
to an extraordinary ray intersect, i.e., the wavelength a crystal does not indicate form 
birefringence to be. 

[0008] "Anomalous scattering of the birefringence of the sapphire in vacuum ultraviolet 
radiation and magnesium fluoride" is known from 671st applied optics [ of 
V.Chandrasekharan and H.Damany / No. (1969) 8 ] page - the 675th page, to MgF2, it is 
119. 4nm and it is shown that the difference of a refractive index is lost by 142. 6nm to 
sapphire. 

[0009] This invention uses this old information and presents for the first time the image 
formation optical system which prevents the birefringence of a lens material by 
selection of light wave length. Thereby, the optical system which had 
vacuum-ultraviolet-radiation wavelength according to the demand of micro lithography 
is taken into consideration. 

[0010] In this case, to a practical embodiment, what is characterized by to arrange a 
Lyot filter between the light source within an optical path and an objective lens and that 
Lyot filter consisting of the same crystal as a lens is offered. A Lyot filter (the same 
ingredient as a lens is suitable) is used for proper filtering of light. 

[0011] For many of these contractors that participate in lithography, the optical 
lithography between 157nm and lOOnm is a very economical advance. A problem 157nm 
or less is a problem of the 1st ingredient. The main candidates to total short wavelength 
are shown in the following table 1. 
[0012] 

table 1 Radiation resistance A baud transmission rate Size Workability LiF It is with 
either. Good It is with either. Good **** Wrong **** Smallness CaF Good Inadequate 
Size Good BeF2 Whenever [ middle ] Enough Whenever [ middle ] Defect MgF2 Good 
Good Size Good [0013] By the way, MgF2 shows strong form birefringence. If directivity 
and a polarization condition are embraced, in the image surface, fission of the wave 

front already arises in 1/several 1-millimeter transmissions, and it is fault 

[0014] If an ingredient is observed very much to a precision and change of the 
birefringence especially to wavelength will be observed, and it is in MgF2, very original 
behavior will arise. A birefringence increases as a radiation frequency increases, and it 
becomes max by about 153nm. Next, a birefringence descends rapidly and, finally 
reaches a negative value (see said paper of applied optics). According to this invention, 



the point that an ingredient shows isotropic behavior is used about a frequency. This is 
the case of 119.49nm. 

[0015] 120nm [ 157nm to ] saltation is just important for other form of a micro 
lithography projection aligner, since a birefringence is the function of wavelength and 
material temperature -■ etc. - it is necessary to maintain a working area to **** Since 
MgF2 is excellent in thermal conductivity and the latest micro lithography projection 
objective lens excels in the temperature control, temperature can rather adjust progress 
easily. The color bandwidth of the objective lens which consists of MgF2 becomes 
difficult. Of course, MgF2 cannot be made into achromatism about a birefringence. The 
variance of the birefringence in 119.49nm is 0.256 and 10-6/pm=delta n. To the 
numerical aperture of NA=0.80, if deltan is **1.5 and 10-7=deltan mostly, it approves. It 




is because this is a non-focusing error. The bandwidth of the system produced by stress 



double refraction in NA=0.80 is about 0.5 pm(s). therefore, the bandwidth guided by the 
birefringence is pure - etc. - it is larger than direction distribution bandwidth, pure - 
etc. - direction distribution bandwidth must be set as about O.lnm by 119nm to the 
objective lens all over the districts which consists of MgF2 by NA=0.80. Therefore, 
according to this invention, the following possibility is offered. 

[0016] 1. Objective lens which contains MgF2 of refractility purely by 119.49 nm, and 
laser bandwidth of O.lpm(s) as chromate. 

2. For example, US of July 29, 1998 application Catadioptric objective lens containing 
MgF2 with bandwidth of about 0.5 pm(s) like Schwarzschild and h mold design 
indicated by ser.No.60 / 094579 grades. 

3. a part with the bandwidth of about 0.5 pm(s) - achromatism the refractility 
objective lens 2, for example, BeF2+MgF, or LiF+MgF2. 

4. Make crystal orientation point to MgF2 according to the purpose by 119.49nm, and 
make special polarization act. For example, polarization of the tangential direction 
about the pupil of an objective lens, the E vector of MgF2 parallel to an optical axis. 
Thereby, the effect of a birefringence decreases to the lens near the lens near a pupil, 
the specific lens near an image, and a specific object. Thereby, the system with more 
wide bandwidth of for example, l-2pm bandwidth is possible. 

[0017] In constituting laser to 119.49nm, the additional effectiveness of narrowing, 
bandwidth of laser can be referred to. In order to narrow bandwidth, prism, a grid, and 
an etalon are used by the end of today From the spectrum of rare gas and its excimer 
compound, a periodic extract can be performed using a Lyot filter. 

[0018] The polarization object of a crossover mold and MgF2 bar (to the die-length 
elongation direction of a bar, the crystallographic axis is perpendicular and has 
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accomplished the polarization axis and the include angle of 45 degrees) form a Lyot 
filter. Although the modulation about a frequency follows well-known progress, if the 
die length of a bar is selected suitably, 119.49nm shows singularity. 119.49nm shows 
wide range permeability about a frequency. 

[0019] In order for the whole to function the optimal, it must ask for the band pass 
range which the temperature of an objective lens and the temperature of a reference bar 
are in agreement, or measures correctly and is used. Therefore, in order to set up the 
ideal operating mode which does not have phase lag to an objective lens, a grid, prism, 
and an etalon can be adjusted ideally. Thus, a Lyot filter may be in the active part of the 
light source, or may be used as a wavelength reference element. 
[0020] 

[Embodiment of the Invention] Next, this invention is explained to a detail using a 
drawing. 

[0021] The optical system of drawing 1 was formed as a projection aligner of micro 

lithography, and is equipped with the light source 1, Lyot filter 2, the illumination-light 

study system 3, the mask 4, the projection objective lens 5, and the wafer 6. 

[0022] the continuum indicated by a lot of the secondary rays, electronic laser, and said 

paper of applied optics although the "usual" excimer laser is not used to the light source 

1 whose main wavelength is 119.49nm - radiation is used. A temperature control and a 

control unit 15 accomplish adjustment of actuation, and the business of stability. 

[0023] Lyot filter 2 consists of two polarizing filters 21 and 22 which intersect MgF2 bar 

20. It is made to adjust Lyot filter 2 with a temperature regulator 25. 

[0024] Drawing 2 is what showed qualitatively the change T of a baud transmission rate, 

and the relation of wavelength lambda, and wavelength lambda contains the flat part of 

0. 5pm width of face on the wavelength of 119.49nm. 

[0025] As for a lighting system 3, it is advantageous to constitute according to 
recognition of the patent application DE No. (it quotes as a part of this application) 
19903807 to which these people are not opened yet. In this case, a 
KATADIOPUTORIKKU operation gestalt is advantageous and it is advantageous to 
have at least one lens 31 which especially consists of MgF(s)2. The temperature 
regulating system 35 is used also here in order to make the illumination light adjust. 
****, such as a lens, in a precision. 

[0026] A mask 4 is operated using well-known actuation and justification / scan system 
46. The same thing is applied also to the wafer 6 equipped with the exposed object 66, 

1. e., a system. 

[0027] The projection objective lens 5 contains the form birefringence crystal equipped 



with ******, especially at least one lens 51 which consists of MgF(s)2. The projection 
objective lens may have what kind of well-known refractility configuration or a 
KATADIOPUTORIKKU configuration, and may contain the diffraction element (zone 
plate). The KATADIOPUTORIKKU configuration equipped with a small number of lens 
and high aperture is advantageous. The temperature regulating system 55 is used for 
precise adjustment of ****** also here. 

[0028] The operation gestalt of the projection objective lens 5 is indicated by drawing 3 . 
This projection objective lens 5 is the modification of the KATADIOPUTORIKKU ring 
field mold objective lens indicated by drawing 3 of EP No. 0779528. That is, the 
objective lens by this invention can carry out direct derivation from a well-known thing 
by adjustment over the rate of specific refraction, the objective lens side 300, lenses 301 
and 302, a mirror 303, the 2nd lens 304,305, and the 2nd mirror 306 - the 2nd lens 304 
and 305, the 3rd mirror 307, the 4th mirror 308, aperture-diaphragm AS, the 5th mirror 
309, the 6th mirror 310, and the 3rd lens 311,312 are formed to the image surface 313 
once again. 

[0029] It is as having mentioned above about the optimal application of proper direction 
adjustment of the crystallographic axis of MgF2 lens, and the polarization effectiveness. 
[0030] Thus, according to this invention, optical system uses ****** and wavelength by 
which the birefringence of a crystal (advantageously MgF2) is canceled. 
[0031] Therefore, the well-known outstanding optical material 2 which has received 
constraint only in respect of the birefringence, i.e., MgF, mainly becomes available to 
vacuum-ultraviolet-radiation optical system. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the schematic diagram of the optical system by this invention. 
[Drawing 2] It is drawing showing the filter shape curve of MgF2 Lyot filter 
qualitatively. 

[Drawing 3] It is the lens sectional view of the catadioptric projection objective lens by 
this invention. . 
[Description of Notations] 

1 Light Source 

2 Lyot Filter 

3 Lighting System 

4 Mask 



5 Projection Objective Lens 

6 Wafer 



* NOTICES * 



JPO and NCIPI are not responsible for anydamages caused by the use of this 
translation. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



